Internal nasal valve (INV) collapse is a common cause of nasal obstruction, and spreader grafts are the established standard of treatment. Recently, spreader flaps have gained attention in the treatment of nasal valve stenosis when performed in conjunction with dorsal hump reduction. To date, the efficacy of the spreader flap technique without dorsal hump reduction has not been previously described. group, 75.4 [19.3]; range, 63.7-87.1) between groups. In addition, no difference was found in mean (SD) postoperative NOSE score (spreader flap group, 18.5 [21.6]; range, spreader graft group, 16.9 [16.4]; range, total NOSE score improvement (spreader flap group, 63.5 [23.5]; range, spreader graft group, 58.5 [27.8] 
I nternal nasal valve (INV) stenosis is a common cause of nasal obstruction. Nasal valve compromise is distinguished as a unique entity from other forms of nasal obstruction based on a 2010 systematic review and consensus statement. 1 The INV refers to the area between the upper lateral cartilages (ULCs) and the septum and is the point of greatest resistance in the nasal airway. 2, 3 Narrow INVs can be idiopathic, secondary to trauma, or iatrogenic (eg, occurring after dorsal hump reduction during rhinoplasty). Many surgeons recommend midvault reconstruction in all patients who undergo dorsal hump reduction. 4 The spreader graft, originally described by Sheen, 3 has long been considered the gold standard in repairing the INV after dorsal hump reduction to prevent postoperative collapse and inverted-V deformity. 5 The downsides of this technique include the need to harvest cartilage (eg, septal, conchal, or costal cartilage) and the possibility of widening the nasal dorsum. An alternative procedure gaining popularity in recent years is the spreader flap or autospreader technique. Originally described by Oneal and Berkowitz, 6 this technique takes advantage of the height of the ULC that remains after dorsal hump reduction. The ULCs are folded over on themselves and sutured to the dorsal septum to reconstruct the midnasal vault and open the INV. Effectiveness of this technique has been demonstrated, and multiple modifications have been described. [7] [8] [9] Indications that have been described for spreader flaps include a long and thin nasal dorsum, short nasal bones, a weak middle vault composed of thin ULC and/or nasal bones, thin nasal skin, or a positive preoperative Cottle maneuver.
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Those patients with significant dorsal septal or nasal tip deviation or weak nasal tip support are more suitable for the traditional spreader grafts owing to the added stability the grafts provide to the dorsal septum. All previous studies regarding spreader flaps have included dorsal hump reduction as part of the procedure. In this report, we describe a technique in which spreader flaps are used to correct INV collapse without dorsal hump reduction and compare self-reported nasal obstruction outcomes with outcomes of the traditional spreader graft technique.
Methods

Participants and Data Collection
We performed a case series with medical record review of consecutive patients who underwent functional open septorhinoplasty by a single surgeon (P.D.W.) from September 1, 2012, through August 31, 2014. Follow-up was completed for this study on August 12, 2016. Patients were identified from the hospital's electronic medical record by searching for the International Classification of Diseases, Ninth Revision codes 470 (deviated nasal septum) or 478.19 (other disease of the nasal cavity and sinuses, surrogate for nasal obstruction) and the Current Procedural Terminology codes that pertain to INV repair (30465). We reviewed the operative reports and identified patients who underwent spreader graft or spreader flap placement without dorsal hump removal or osteotomy. This study was approved by the institutional review board of the University of Utah, Salt Lake City, and all patients provided written informed consent.
All patients were 18 years or older and underwent the above-mentioned procedures as well as concurrent septoplasty and submucous inferior turbinate reduction. Demographic data, surgical history, and degree of nasal obstruction as quantified by the Nasal Obstruction Symptom Evaluation (NOSE) score were recorded for each patient. The NOSE score (scores range from 0 to 100, with higher scores indicating greater symptom severity) has been validated as a reliable tool to measure quality-of-life issues related to nasal obstruction. 11 Every patient who presented with nasal obstruction to the clinic of the primary surgeon (P.D.W.) completed a NOSE survey before undergoing surgery, and all postoperative patients were requested to complete surveys at follow-up appointments. The primary outcome consisted of the comparison of the patient's lowest postoperative NOSE score at least 6 months after surgery with his or her baseline score.
Statistical Analysis
Statistical analysis was performed using Prism software (version 6; GraphPad Software). Data were first assessed for normality by the Shapiro-Wilk normality test and the D'Agostino and Pearson omnibus normality test and found to not follow a normal gaussian distribution. Visual inspection of the data by scatterplot demonstrated that the deviation from normal distribution was due to skewedness with a tendency toward extremes in reported symptom severity; that is, the preoperative NOSE score was skewed toward 100 (severe symptoms) and the postoperative NOSE score was skewed toward 0 (no symptoms). These skewed distributions did not transform to normality with commonly used transformations, and therefore we used nonparametric tests for determination of statistical significance between groups. The Kruskal-Wallis test was used to compare all groups, followed by a Dunn multiple comparison posttest to evaluate the significance of individual comparisons. For all statistical tests, a threshold of significance was set at an α value of .05 (P < .05).
Surgical Intervention
All patients underwent the procedure performed by a single surgeon (P.D.W.) in our tertiary academic medical center at the University of Utah or one of its affiliated outpatient surgical
Key Points
Question Are spreader flaps effective in correcting internal nasal valve collapse in the absence of dorsal hump reduction?
Findings In this retrospective medical record review of 26 patients, no difference was found in mean postoperative Nasal Obstruction Symptom Evaluation score, total score improvement, or percentage of score improvement between those treated with spreader flaps and those with spreader grafts.
Meaning In appropriately selected patients, spreader flaps are equivalent to spreader grafts in correcting nasal obstruction secondary to internal nasal valve collapse.
centers. All patients underwent a standardized external rhinoplasty approach with concurrent septoplasty and bilateral inferior turbinate submucosal resection; however, none underwent dorsal hump removal or osteotomies. Spreader flaps were placed in patients with a long and thin nasal dorsum, short nasal bones, a weak middle vault composed of thin ULC and/or nasal bones, thin nasal skin, or a positive preoperative modified Cottle maneuver, as described above. Spreader grafts were placed in patients with INV stenosis and a positive modified Cottle maneuver that did not fit the anatomical criteria for spreader flaps. Spreader flaps were fashioned after separation of the ULC from the septum by folding over approximately 2 mm of the dorsal-medial portion of the ULC on itself. The ULCs were not released from the undersurface of the nasal bones. This folded ULC was sutured into position with 5-0 polydioxanone sutures placed cephalically and caudally in a horizontal mattress fashion ( Figure 1A and B). After the flaps were sutured together, the folded ULC complex was sutured to the septum with a minimum of two 5-0 polydioxanone sutures placed cephalically and caudally, taking care to place the apex of the folded ULC at a level even with the dorsal septum ( Figure 1C ). Because no dorsal hump was removed, the ULCs were secured to a slightly more dorsal position to prevent a change in the dorsal height. Spreader grafts were fashioned from harvested septal, costal, or conchal cartilage. They were placed along the length of the ULC abutting the nasal bone cranially and the dorsal septum medially and affixed with 5-0 polydioxanone suture.
Results
Forty-four patients completed preoperative and postoperative surveys, including 20 in the spreader flap group and 24 in the spreader graft group. Mean follow-up was 12.0 months (range, 0. Table 2 and Figure 2 .
Discussion
Spreader flaps, when performed in conjunction with dorsal hump reduction, have previously been shown to be an effective alternative to spreader grafts in the appropriate patient population. Previous research found that patients with preoperative nasal obstruction who underwent dorsal hump reduction had a statistically significant improvement in their NOSE scores from 57.4 to 17.3 (P < .001) after spreader flap placement. 12 That study also found that the postoperative NOSE score in the intervention group was statistically similar to that of patients who did not have nasal obstruction and did not undergo correction of the INV (17.3 vs 13.0). 12 Comparable outcomes were seen in a prospective study by Chambers et al 13 that evaluated persistent nasal obstruction after septoplasty. Of their patients, 95% had INV collapse and all underwent spreader graft placement, resulting in a significant improvement in mean NOSE scores of 53.6 (from 75.7 to 22.1) points at 6 months. These findings are similar to those of our study, which found a mean improvement of 63.5 points, lowering the NOSE score from a mean of 81.9 to 18.5 in the spreader flap group. Similarly, the NOSE score in the spreader graft group improved from a mean of 75.4 to 16.9, for a mean improvement of 58.5 points. Of importance, this degree of improvement exceeds the minimal clinically important difference in the NOSE score of 19.4, as determined by Stewart et al. 14 The improvement seen during early follow-up seems to be durable to at least 6 months in both patient groups in our study. To our knowledge, no other studies have compared outcomes between spreader flaps and spreader grafts for nasal obstruction secondary to INV collapse. The placement of spreader flaps to correct INV collapse without undergoing concurrent dorsal hump reduction has not previously been described. In their original description, Oneal and Berkowitz stated that the procedure is only possible when enough dorsal septal cartilage is resected to allow converting the vertical height of the ULCs to horizontal dorsal septum, which must be removed to place spreader flaps. 6 Our study demonstrates the utility of spreader flaps in the treatment of nasal stenosis without dorsal reduction and, furthermore, that this nasal stenosis improvement is comparable to that achieved with spreader grafts. We speculate that the equivalent effectiveness of spreader flaps without dorsal hump reduction and spreader grafts in this study is owing to dorsal tensioning of the ULCs. By pulling the ULCs in an upward dorsal vector, the nasal valve is opened in a way similar to that described by Park 15 in his description of ULC flaring sutures. In addition, if the scroll region is disrupted, this upward dorsal pull helps address a portion of the external valve, a region of the nose that is not addressed by spreader grafts. From our review of patients, we have noted no contour deformities or asymmetry in either group (Figure 3) . Further study of this technique is needed to better understand the mechanisms involved and long-term results.
One potential confounding factor in this study stems from the patients undergoing other procedures (septoplasty and inferior turbinoplasty) simultaneously with the nasal stenosis repair. Such an issue is encountered in most other studies comparing techniques in functional rhinoplasty. 16, 17 Rhee and
Kimbell 18 discuss what they term the narrow straw vs the weak wall, highlighting the various anatomical factors responsible for subjective nasal obstruction and the importance in addressing all areas that are contributing to nasal obstruction. We believe that this potential confounding factor is negligible in our study because patients in the spreader flap and the spreader graft groups had these other procedures performed. Because anatomical nasal obstruction is often a multifactorial issue, the eligible patient population with isolated nasal stenosis in the absence of septal deviation or inferior turbinate hypertrophy is quite small. Furthermore, the inclusion of septoplasty and inferior turbinoplasty in the study makes the results more clinically relevant because these 2 other procedures are often performed in conjunction with nasal stenosis repair.
Strengths and Limitations
A potential strength of this study is the long duration of followup, with the mean follow-up being longer than 12 months in each group. However, the long-term durability of spreader flaps without dorsal hump removal is unknown, and continued follow-up is warranted in those patients. One limitation in this study is the relatively small number of patients with adequate follow-up in each cohort. Another weakness is the retrospective nature of the study and the resulting biases, such as selection bias, that can arise. Further study in a prospective, randomized fashion is needed to help eliminate this potential issue.
Conclusions
This study demonstrates improved nasal function through the use of spreader flaps in combination with septoplasty and inferior turbinoplasty in patients who did not undergo dorsal hump reduction. The level of improvement in nasal function was equivalent to that of a group of patients who had spreader grafts in combination with septoplasty and inferior turbinoplasty. Spreader flaps can be successfully used even in the absence of dorsal hump reduction. 
